Human-Computer Interaction researchers are increasingly designing technologies aimed at supporting "behavior change." The model of change, which most of these works embrace, focuses on the idea that change occurs on the behavioral level and that it is externalistic, monistic, mechanistic, fragmented, and episodic. We think that a different take, focusing on the internal aspects of change, may integrate and extend what has been done using this behavioral model. We conducted 20 interviews exploring how individuals live, account for, and manage life changes. Then, we outlined five tentative patterns we identified across different kinds of changes reported by the interviewees, pointing out that change might be internalistic, multiple, intentional, holistic, and continuous. This led us to propose a set of design considerations for the evolution of the current behavior change technologies. Finally, we suggested some preliminary lines of future research, which aim to open the design space of technologies for change.
INTRODUCTION
Human-Computer Interaction (HCI) researchers are increasingly designing technologies explicitly aimed at inducing a change in users. The field of behavior change technologies (Hekler et al. 2013) precisely focuses on the opportunities for changing individuals in domains as diverse as health (Luo et al. 2018) , work , safety (Chin et al. 2017) , and wellness .
As the very name of this research area emphasizes, 1 the majority of these attempts are addressed to modify behavior. This happens as most of behavior change designs are informed by a "behavioral model" encompassing the idea that the central focus of technological interventions should be on the "external" manifestations of change. Designers may find this model pragmatically useful, because it appears to focus on visible and identifiable variables that can be directly tackled by technology, representing actionable challenges and presenting opportunities for measurable results. Over the years, this approach has brought successes (Hamari et al. 2014; Hermsen et al. 2016; Orji and Moffatt 2016) and surely has to be praised. Nonetheless, we think that it could be complemented by an alternate take, which unveils the "internal" aspects of change, widening the perspective on it and yielding a more nuanced understanding of how it develops (Rapp 2019) .
To this aim, we adopt a phenomenological approach that values how individuals live, account for and cope with life changes, attempting to grasp what they consider really important. Building upon research framed within what has been called the third HCI wave (Bødker 2006) or paradigm (Harrison et al. 2007) , which emphasizes the need of tackling the human's lived, felt, and meaning-laden experience when designing technology, we will try to answer questions like: What are the main theoretical assumptions that currently inform the design of most behavior change technologies? How do individuals experience and account for the changes they encounter in their everyday life? What lesson can we draw from their experiences to the design of novel technologies for (behavior) change?
We aim to identify themes that may be useful to expand the perspective on behavior change technologies. Our contribution to the HCI community aims to be threefold. First, we will briefly review the dominant theoretical foundations of behavior change technology design, showing how they entail a particular representation of change that ultimately draws from behavioral accounts and focuses on the external manifestations of change. Second, starting from the results of 20 interviews we will surface some tentative themes that might be relevant to understanding how change is lived and accounted by people, highlighting the importance of the internal aspects of change. These will yield a set of considerations that could be used in the design of novel behavior change technologies. Finally, we will propose some preliminary lines of future research, which aim to open the design space of technologies for change.
BACKGROUND
2.1 Change, Behavior, and HCI HCI behavior change research commonly draws on psychological theories to make decisions about design. In the last decade, a variety of systems have been developed informed by, e.g., the Health Belief Model (HBM) (Rosal and Bodenlos 2009) or the Theory of Planned Behavior (TPB) (Ajzen 1991), both of which emphasize the role of intentions and beliefs in driving human actions; the goal-setting theory, which claims that a positive linear relation exists between degrees of goal difficulty and levels of performance (Strecher et al. 1995) ; the Social Cognitive Theory (SCT) (Bandura 1986) , which posits that change is affected by outcome expectations and efficacy expectations (or self-efficacy); or the Trans Theoretical Model of behavior change (TTM) (Prochaska and Velicer 1997) , which describes change as a six-stage process through which an individual progresses.
HCI works based on these theories (e.g., West et al. 2017; Meyer et al. 2016; Pinder et al. 2016; Chaudhry et al. 2016; De Vries et al. 2016 ) appear to share a behavioral model of change, 2 which sees change as externalistic, monistic, mechanistic, fragmented, and episodic. Let's elaborate on each of these features.
First, change is conceptualized as externalistic: the subjective experience of change, as well as the psychological states connected with it, is somehow left apart in favor of its observable and measurable manifestations. As a methodological consequence, the ideal instruments to assess the effectiveness of an intervention allegedly are large quantitative studies, such as Randomized Controlled Trials (RCTs) (Klasnja et al. 2011) , which are supposed to provide an exact measure of the quantity of change that has occurred in a given individual or sample of individuals.
Second, change is monistic, i.e., it is seen as endowed with a univocal meaning. There is little consideration that what, from the outside, looks like an identical "token of change" occurring to different individuals can instead be interpreted differently by each of them, and thus that the personal meanings and motivations attached to it can vary. As a consequence, technologies are designed as if they could work the same way for everyone. Even when this one-size-fits-all approach is questioned, this is made through the lens of a normative model: de Vries et al. (2016) , for instance, tailored designs on the TTM's specific stages of change. Nevertheless, in the TTM, people traversing the same stage are supposed to look at change in the very same manner (e.g., all the individuals in the contemplation stage will be ambivalent toward change).
Third, change is mechanistic, i.e., it can occur as an automatic reaction. Once given certain tools, be they cognitive or environmental, (behavior) change will follow consequently. For example, in Bandura's self-regulation theory (Bandura 1991) , which is an important part of SCT, change happens when a behavior that is being monitored is compared to a standard or goal, like it happens to a thermostat tending to homeostasis. This kind of "reactivity" is also important in personal informatics and eco-feedback technologies rhetoric (Zapico et al. 2016) , where change is enacted by a feedback loop (Ruckenstein and Pantzar 2017) .
Fourth, change is fragmented, i.e., it is viewed as an isolated event. It may reflect in the immediately adjacent domains, but, like ripples in a pond, its consequences tend to decrease with the distance. If I quit smoking, my health and my budget may improve, but more or less that is everything that can be said. Consequently, change can be induced in independent, specific target behaviors, leaving the rest substantially untouched. Side-effects on and interconnections with the individual's whole life are normally not considered. This reflects in the lack of behavior change technologies addressing more than one behavior or "life domain" at once. Even mashup systems merging different data limit themselves to considering information pertaining to a single domain (e.g., wellbeing (Bentley et al. 2013) ).
Fifth, change is episodic, i.e., it is framed as a discrete event, characterized as a transition from one substantially steady state to another. Even when it is framed as a process, as in the TTM, change occurs as a series of "leaps," a transition through a fixed sequence of phases. What matters is not the "how" of the process, but the occurring of the target event, namely whether change happens or not, or whether the individual has reached the next "stage" of change (or relapsed in a previous one) (e.g., Agapie et al. 2016 ).
This behavioral model of change has been challenged by different perspectives outside HCI. Against the externalistic assumption, for instance, it has been argued that the same behavior can be the byproduct of different psychological states (Lewis 1994) ; likewise, an objection to the fragmented assumption is that reducing singular psychological phenomena to singular behavioral phenomena fails to account for the fact that psychological states are characterizable only in terms of their relations to each other (Putnam 1975; Fodor 1980; Searle 1983) . Shove (2010) noted that the behavioral model of change depicts a simplistic mechanism, whereby change is thought to directly depend upon attitudes. Consequently, other models of change have been proposed, such as the Attitude-Behaviour Context model, which stresses the role of the structural conditions of the behavioral setting (Guagnano et al. 1995) , and the social ecological model (Sallis and Owen 2015), which identifies different "levels" of factors affecting human change, from biology to culture.
Within HCI, it has been noted that the behavioral model usually does not account for changes in an individual's life circumstances (Clawson et al. 2015) ; that it brackets the environment in which individuals live (Brynjarsdóttir et al. 2012) ; and that it frames the user as merely an executor of behavioral programs (Purpura et al. 2011) . This yielded the exploration of alternate theories to be applied to behavior change system design, such as the social practice theories (Schatzki 2001; Kuijer and Bakker 2015; , and the construct of intrinsic motivation (Kanaoka and Mutlu 2015; Rapp 2017a) . Although there are plenty of people within HCI who have challenged this approach, the behavioral model still appears to be hegemonic. Recent systematic reviews pointed out that the HBM, the TTM, the SCT, and the goal-setting theory are the most used theoretical frameworks in the HCI behavior change field (Stowell et al. 2018; Orji and Moffatt 2016; Pinder et al. 2018 ).
We do not want to undermine previous work done based on the behavioral model. Actually, we reckon that in many situations changing the external manifestations of a certain behavior is what precisely counts, especially when that behavior is highly harmful to the individual. This is also what people often seek in a behavior change system, e.g., because they do not desire a wider or more ponderous modification of their life. In several other circumstances, however, change may turn out to be a complex phenomenon involving a whole array of further dimensions. A different take on change, starting from different premises, therefore may integrate, develop, and even magnify the impact of what has been previously done under the behavioral account. To this aim, we adopt a phenomenological perspective, putting in the foreground the lived experience of change, exploring how people conceptualize and account for change in their life. By framing our investigation in this perspective, we hypothesize that different "aspects of change" will emerge, which, in turn, might enrich the design of systems that are primarily addressed to change behavior.
Change as a Phenomenological Experience
Phenomenology is a philosophical and psychological paradigm, which focuses on the exploration of phenomena as they appear in our lifeworld (Sokolowski 2000) , i.e., the world that we experience in our ordinary life (Fallman 2003) . It takes people's experiences and meanings as its objects of analysis, allowing to recover the natural way we have of looking at ourselves, namely from what is called the first person perspective (Husserl 1962 (Husserl , 1976 Heidegger 1982; Gallagher and Zahavi 2008) . Meanings are viewed as actively constructed by the individual, so that phenomenology entails a form of constructivism (Maturana and Varela 1980; Brizio and Tirassa 2016) . As researchers, however, we have no direct access to someone else's first-person perspective: what we can investigate are the linguistic traces that mediate every individual's experience (Schwartz et al. 2013) .
Phenomenology provides a useful framework for understanding how people make sense of existence in and toward the world (Frauenberger et al. 2010) : in HCI, it can be used both as a theoretical stance and as a research approach (Kitson et al. 2018) . It allows for the expression of people's perspectives about a given phenomenon, trying to understand it within their universe of sense. It also offers theoretical tools to explain how people make sense of the world. Within HCI, phenomenology has been employed to argue in favor of a tool-based approach to design (Ehn 1988) and against the cognitivist position (Winograd and Flores 1986) . It had relevance for a discussion on embodied interaction (Dourish 2001; Svanaes 2013) , the relationship between humans and energy (Pierce and Paulos 2011; Schwartz et al. 2013) , and self-tracking technologies (Rapp and Tirassa 2017; Rapp 2018) .
The interest in phenomenology can be connected to the rise of the third wave/paradigm of HCI, which shifted attention from the cognitive and behavioral aspects of interaction to the experience (Bødker 2006) , focusing on the way in which we come to understand the world (Harrison et al. 2007) . A strong emphasis on meaning making is a common feature of all those works that embrace this third wave, like reflective design (Sengers et al. 2005) , ludic design (Gaver et al. 2004 ), speculative design (Gaver 2012) , critical design (Bardzell and Bardzell 2013) , slow technology (Odom et al. 2012) , and, more recently, responsible design (Jirotka et al. 2017) , humanistic HCI (Bardzell and Bardzell 2016) , and existential HCI (Kaptelinin 2018). Although these works do not explicitly tackle the issue of (behavior) change, bringing insights on how individuals experience change in such analyses may be a natural step in the development of this direction of HCI research. In this vein, an inspiring work is the idea of designing for the self, in which technology helps people become the person they desire to be (Zimmermann 2009).
Another field of research in line with our approach can be found outside the HCI terrain, in the psychology of life stories (McAdams 2001) . Here, change is an individual's experience reflecting (on) what is happening in her life (Schutz 1970) . This resembles sociological theorizations about life course (Elder 1985) conceptualizing human change as a process that the individual actively generates. This perspective yielded a variety of empirical studies focusing on specific domains like health (Bury 1982) and family (Fiese et al. 1999) . Likewise, studies of life transitions within the field of HCI adopted a domain-dependent perspective, focusing on, e.g., relocations (Shklovski et al. 2008) , life disruptions (Massimi et al. 2012) ; breakups (Sas and Whittaker 2013) , gender transitions (Haimson et al. 2016) , and "letting go" rituals (Sas et al. 2016) .
Valuing the individuals' lived experience of change may let emerge insights that can enrich the behavioral model. This means to give an answer to questions like: What do people consider their relevant changes? How do they live them? How do they account for them?
In so doing, we want to broaden the scope of life course and transition studies, attempting to investigate individuals' changes independently of the specific life event or domain in which they may occur. A free exploration of "general change" may be important for several reasons. First, asking people to recount specific experiences of "behavior change" would frame the interviews within the same (or similar) premises of the studies that adopted the behavioral model. Likewise, focusing on specific contexts would implicitly convey a specific image of change, e.g., by focusing on location changes, we could suggest that change implies leaving something and reaching something else, on either the geographical or the metaphorical level. Instead, we wanted to leave the individuals free to account for the phenomenon from their own perspective, making emerge what they consider relevant as well as their conceptualizations thereof. Second, focusing on a single context may hide how seemingly unrelated changes in different domains are connected together, and how these connections may be relevant to the individual. Finally, a free exploration may let emerge patterns across different kinds of changes, widening the opportunities for generalization, and thus the possibilities of applying the insights collected to the design of behavior change technologies.
METHOD
To develop a preliminary understanding of how individuals interpret, account for, and manage their own changes we conducted semi-structured interviews with 20 participants. Based on the data collected, we will surface some tentative patterns about the changes recounted by the interviewees. These patterns will be connected to the features of the behavioral model we discussed in the previous Section and to a series of design considerations that could be worth incorporating into behavior change systems.
Sample
We recruited 20 participants (mean age = 42.6; SD = 19.1; females = 10) through emails and snowball sampling. All of them were Italian native speakers. We divided the participants into five groups according to their age: adolescents (14-18), young adults (19-29), adults (30-49), middle-aged adults (50-65), and older adults (66-90). The choice of age as the main criterion for segmenting the sample came from psychological studies highlighting that people's self-change across the life span, and that such change impacts on how they understand the world and themselves (Labouvie-Vief et al. 1995) . It is precisely during the adolescence that individuals first tackle problems of identity and of complex interactions with the world (Erikson 1963) . Adulthood brings contradiction and change (Baltes and Staudinger 1993) leading to further reconstructions of the self (Kegan 1982) , so that individuals end up understanding themselves and the world in terms of transformational and transactional processes (Helson and Robster 1994) . These changes of the self reflect the occurrence of normative life-events, like puberty (Brim and Riff 1980) , and non-normative ones, like winning the lottery, which may be experienced as relevant changes by individuals. Moreover, as time lapses, transformations also occur in a person's social networks (Wrzus et al. 2013) , her personal values (Vecchione et al. 2016) , and her mental abilities (Klindt et al. 2017) . Life stories develop and change accordingly (Cohler 1982; McAdams 2001) .
All these elements support the idea that age is the single most relevant factor in the exploration of how change is perceived and accounted for: people at different ages experience different life events, are differently situated, and have different internal resources to appraise and cope with changes. We did not recruit pre-adolescents, because they do not still appear to have the cognitive resources to think themselves as unitary or whole selves, and thus to reflect on change (Breger 1974; McAdams 1985) .
Inclusion criteria were that participants had an age >13, that they did not have a history of cognitive, psychiatric, or neurological problems, or a neuropharmacological or psychological treatment in course: reports from these subjects would have probably been highly interesting, but even more idiosyncratic than average; at this stage we wanted our results to be as generalizable as possible (Gobo 2008) . For the same reason, we also made no attempt to select exceptional individuals. Instead, we tried to increase the heterogeneity of the sample by balancing gender (10 males, 10 females) as well as considering, e.g., different professions, different grades of education, and different levels of technology use, namely individuals generally open to technology use (14) vs. individuals closed to it (6). However, our sample is biased toward Western culture, and more specifically toward the Italian context. See Table 1 for the sample composition.
Socio-demographic information was collected during a preliminary phone interview. The sample size was aligned to the common practices of qualitative research (Marshall et al. 2013) and to other HCI studies with similar design (e.g., Elsden et al. 2016) . However, our sample followed the theoretical saturation principle (Glaser and Strauss 1967) : the decision of closing it at 20 participants came as we realized that additional interviews would not have brought substantially new results for the goals of our research, using a data saturation criterion (Bowen 2008) .
Procedure
The interviews lasted between 80 and 120 minutes. Eighteen were conducted face-to-face, while two were accomplished via Skype. The aim of the interviews was to develop an initial understanding of how individuals conceptualize change, what they consider relevant changes, and how they live, interpret, account for, and manage such changes.
Each interview began by asking the participants to recount relevant changes in their life. We deliberately did not propose a definition of change, so to leave the participants free to choose what they considered important, based on their own idea of change. They were then invited to recount their reactions to the changes they had reported. The asked questions are as follows: What does change mean for you? What changes did you have? Why did you mention these changes? Please describe in depth each of these changes. What was your role in these changes? The participants were free to add themes that were not included in the initial list of questions, and when necessary they were prompted to further enrich or clarify their recounts with examples taken from their personal histories.
Participants were not compensated for their participation. Each interview was audio recorded and transcribed verbatim for subsequent analysis.
The data were analyzed with an Interpretive Phenomenological Analysis (IPA) approach (Smith et al. 2009 ). This method values individual idiosyncrasies and fits well the purpose of understanding people's sense making, exploring each participant's perceptions of what is important in relation to the phenomenon under study. Although focusing on each participant's personal history, the analysis yielded a set of thematic codes.
The first and the third authors read all the transcripts multiple times, in order to immerse themselves in the data. They separately made initial notes about their observations and reflections about elements of potential significance. These were transformed into emerging codes, highlighting common patterns in idiosyncratic experiences. Then, the two researchers compared and reviewed the results to assess consistency (MacQueen et al. 2008 ). All inconsistencies were discussed and resolved. The resulting codes were finally grouped independently, labeled, and then compared again to solve inconsistencies. By and large, having participants of different ages allowed us to cover a variety of changes, due in part to the fact that certain life events, like the birth of a child or a divorce, are more likely to occur at certain ages but not at others. However, we found no predominant type of change across the recounts. Table 2 summarizes the main kinds of changes reported during the interviews.
RESULTS
We will recount five tentative themes emerging from our analysis, namely subjectivity, sensemaking, agency, connection, and temporality. While they are specific to the group of participants we interviewed, and therefore limited to and framed within the culture and context in which they were gathered, we believe that they may have wider applicability. In the last sub-section of each theme (i.e., 4.1.3, 4.2.3, 4.3.2, 4.4.2, and 4.5.3), we will elaborate on the relevant results, proposing a theoretical probe grounded in the data to see if we can surface some tentative patterns about the changes recounted by the interviewees. These patterns will be connected to the features of the behavioral model of change we discussed in Section 2.1. In doing so, we will propose a few design suggestions that could be worth incorporating into technologies for behavior change.
First, we will focus on the subjectivity of the changes recounted by the participants, highlighting that they are tied to relevant transformations in their inner life, and are assessed in connection with their subjective beliefs. This may have consequences on the evaluation of behavior change designs, valuing techniques capable of making people's internal states and assessment criteria emerge.
Second, we will outline the participants' sense-making processes, stressing that the changes they reported can be retraced to a body of personal knowledge and motivations, making each change somehow internally unique. This points out the multiplicity of change, potentially leading to behavior change systems tailored to the user's idiosyncratic motivations and meanings, supporting reflection and sense-making.
Third, we will describe how the way participants cope with changes depends on their supposed origin, highlighting the importance of each individual's agency and internal resources. This reveals the intentionality of change, foreseeing designs able to empower the user and support her in internalizing her locus of control.
Fourth, we will surface how changes recounted by participants connect to each other in complex ways, yielding unexpected side-effects that can only be unfolded through post-hoc reflection. Then, we will explain how considering the holism of change could lead to cross-domain behavior change systems, based on "behavioral user models."
Finally, we will depict how the temporality of the changes recounted is tied to each participant's subjective experience. We will suggest that behavior change technology could account for the users' perception of time, making the temporality of the intervention more continuous and malleable.
Subjectivity
In the eyes of the participants, changes are relevant when they affect the individual's subjective world. The role of subjectivity is also reflected in the internal criteria they used for evaluating whether their changes had been successful. Beyond their "external outcomes," participants gave more importance to the internal dynamics of change.
Changes Are Connected with Inner Modifications of the Individual.
All the participants stressed the internal components of change in their recounts. What they considered relevant to mention was primarily how a certain change yielded or paralleled modifications of their inner states, like knowledge, abilities, personality, values, beliefs, and emotions. For instance, in explaining the importance of his coming out, C5 dwelled upon how his feelings about sexuality changed: "something happened in how I lived my sexuality. The feeling that it was something dirty vanished. What really changed was that I felt that it wasn't a problem. So I told my parents." C2 described how changes in her sentimental relationships made her understand and control her emotions over the years, turning her into a more "rational" person. In substance, participants always traced the description of their relevant changes back to their interiority, rather than focusing on the external manifestations that supposedly caused, originated from, or simply accompanied them.
Even the participants (8 out of 20) that did mention changes in behavior as relevant always linked them to their inner life. The perceived importance of the behavior change process primarily came from the changes in values, emotions, and self-perceptions. C6, for instance, decided to become a vegetarian when she was sixteen. In her perspective, what was valuable in this behavioral change was that it produced a change in her subjectivity, allowing her to get in better touch with her true self: "it was like an ethical strike against meat. . . Although at that time it wasn't socially accepted, and even for my parents it was difficult to accept. . . I had no vegetarian friends at that time, so everybody looked at me strangely, I was the outsider. But, well, I felt better, I felt more serene, because I was more like myself." Likewise, D1 explained that quitting smoking was not only a matter of changing a habit to her, as this behavior was part of a set of mechanisms that she used as emotional regulators: "these habits represent something deep within myself [. . . ] 
and this is what really matters to me."
What is worthy to notice here, therefore, is that participants identified in their subjectivity the place where change primarily happens, moving to the background its external (behavioral) manifestations. In other words, even when a change had a major impact on the outside world of relationships, body, or behavior, what was important in the eyes of the participants was the internal transformations connected with it.
Participants' Assessment of Change is Subjective.
In the participants' discourse, changes were not related to allegedly objective sources of evaluation. Instead, they were discussed with reference to a subjective set of personal values, feelings, and beliefs that served as a frame for their assessment. Likely, participants were not exempt from the influence of external models, e.g., family, sociocultural or environmental, shaping or affecting their judgments in time: C6, for example, considered what is and is not a "normal" behavior, when she talked about her choice of becoming a vegetarian. However, participants' paramount criteria for judging change as "successful" appeared to be a function of their subjective appraisals rather than these external influences. Even when changes seemed to follow external motivations (e.g., becoming like or unlike others, reaching target weights, changing social status through a job), participants reported change as positive when it matched their reported internal criteria.
For example, B4 said that reaching her target weight was "a success." Later, in her recount, it turned out that this change was connected with a renewed image of her body. E3, who had experienced the same "successful change," told us that she viewed it in more ambiguous terms, because she also considered the loss of pleasure coming from the diet she had followed, so that just reaching the desired weight was not sufficient to frame the change as a success. D3's relocation to another city was due to the need to find a new job, and consequently was reported as something that he had been forced to do: "When I think of it, I think that it was a negative change in my life. I didn't want to change city, I lived well where I was... Here I had to adapt to a lot of new habits that, frankly, I find quite upsetting, like having to always use the car for any errand whatsoever." C4, instead, moved from a developing country to Italy. Studying abroad was the goal that she had had in mind since she was a child: she recounted that when she finally succeeded, she perceived the transfer as a great and positive opportunity, even if the initial cultural shock was far away more stressful than in D3's case. Changes with seemingly identical external outcomes, then, can be assessed differently depending on the individual's subjective criteria.
In other words, these evaluations are based more on the individual's self-reflection than on the "objective" features of the change. For instance, despite the "objective" negativity of the body change experienced by C1 (a back problem when she was in the primary school), she found positivity in it, reframing the importance of "the body" in favor of the centrality of "the will": she explained "after all, it was a positive change. It made me grow up, I became more aware of my potentialities. I think that this experience made me change for the better."
Change is Internalistic.
Participants highlighted that change is relevant insofar as it impacts on their subjectivity. Likewise, their success criteria were internal: no external parameters or measures were deemed decisive by the participants. From a phenomenological point of view, this means that the internality of change and its subjective quality are primarily worth considering (Guidano 1987) . The issue is not that changes in behavior are not relevant, but that, even when the focus is on behavior, change is rooted in subjective experience. This has important methodological consequences for the evaluation of behavior change systems.
As we have seen, technologies that rely on the behavioral model value mostly the external aspects of change and are typically assessed based on their capability of producing a visible and measurable outcome, leveraging quantitative techniques (Miller and Mynatt 2014) . Actually, qualitative methods have been proposed to understand how and why technology works (Hekler et al. 2013; Klasnja et al. 2011 ). Yet, quantification for measuring efficacy, like RCTs, remains the gold standard (Pinder et al. 2018) . As the reflective design approach emphasized, this may be also due to the difficulties in evaluating internal processes, often turning into measuring other outcome variables: this yields the need of exploring evaluation techniques focusing on internal processes per se (Baumer et al. 2014) .
In line with these insights, we propose to allow the user to express her subjective appraisal and perception of the change she is experiencing. The third wave/paradigm of HCI, for instance, proposed to go beyond a "utilitarian" view of technology (Iivari and Kuuti 2017) , whereby delight and triggers for considering novel possibilities (Harrison et al. 2007 ) can become relevant evaluation criteria. Our results further point out the need of taking into account the subjective criteria and judgments that people define for assessing their own experience of (behavior) change, a need that passed unnoticed in the previous research.
This may imply that the user herself should have the final word on the successfulness of a behavior change technology: this, in turn, would give the user the responsibility of assessing her own process of change. It may happen, for example, that the system has not changed the user's behavior, but supported her in working upon herself, so much so that she now accepts it; or that the behavior has indeed been modified, but the user senses that her life has worsened, thus advocating a modification of the intervention despite its seemingly good results. In this perspective, important metrics for evaluating behavior change technologies are, e.g., what kinds of emotions, beliefs, and meanings the user relates to the target behavior, and whether the system supports her in reflecting and working on them; what kind of sense she makes of the system and the information it provides; whether she thinks that the system has actually helped her.
To this aim, we believe that a more pronounced use of qualitative techniques is crucial, like interviews as unstructured as reasonable to allow for the emergence of the user's meanings and diaries where she can keep track of her perceptions, thoughts, feelings, and interpretations over time (Carter and Mankoff 2005; Sohn, Li et al. 2008 ). More precise measures may be produced by asking the user to focus on specific aspects of change and by carrying out pre/post-interviews.
Alternatively, quantitative methods aimed at making internal aspects of change emerge could be employed. For example, the Repertory Grid Technique (RGT) is part of Kelly's Personal Construct Theory (Kelly 1955) , which relies on a phenomenological account. RGT is a method for eliciting individuals' personal interpretations of world phenomena; it can be used qualitatively, quantitatively, or in mixed forms. Fallman and Waterworth (2010) exemplified its use in HCI for investigating the nature of subjective experiences with technology. Additionally, A/B testing of different designs with a similar intent to capture nuanced features of "internal" parameters (including body perception) could provide additional insights about how a system affected the user's subjectivity.
Sense-Making
Participants showed that the dynamics of changes and those of meanings were deeply intertwined. On the one hand, they ascribed subjective meanings to the changes they were recounting, surfacing a variety of personal motivations that affected their way of coping with them. On the other hand, participants' changes yielded new self-understandings and ways of seeing the world.
Changes Integrate into a Body of Pre-existing Knowledge.
Each change recounted by participants integrated into a personal body of knowledge composed of past experiences, conceptualizations, and stable beliefs. As a consequence, the same kind of change meant differently to diverse participants. E3, C6, and D1, for instance, decided to quit smoking each at a precise moment of her life. Their resolutions, however, both came from and resulted into different sense-making processes. C6 explained that she intended this change as a way to take care of herself and to reduce the risk of incurring in an illness: "I suffered from colitis, and smoking might have negative impacts on it. So, when I quit, I quit for this... I'm fine when I don't smoke, so I try to stay away from cigarettes while I can. . . " D1 interpreted her smoking habits as a sign of low self-control: "I didn't do it because smoking makes the skin look older, or because it causes cancer, but because I felt stupid, and I wanted to quit that condition, in which I didn't belong to myself. . . " E3 elaborated on her smoking habits when her daughter was born underweight: "I felt a bit guilty, because I read magazines reporting that children whose mothers smoked in pregnancy were more likely to be born underweight. I didn't care so much during pregnancy. . . I kept quitting and starting again as always. . . but well, then I began to think that smoking could really impact on breastfeeding." For E3, therefore, such change represented a way to fix a mistake she believed she had made, restoring her self-image as an attentive mother and expressing the will to take care of her baby daughter.
These examples show that the meanings ascribed to the changes experienced depended on how each participant looked at the world and at herself. Changes were interpreted within a subjective body of knowledge about reality that further yielded different motivations, impacting on the how and why the individual faced the changes, as in E3's case. As a result, changes that appeared to be similar from the outside underwent different sense-making processes that made each of them unique when viewed from the inside.
Changes Develop New Knowledge that Impacts on the Individual's (Self-) Understanding.
Likewise, changes developed into a variety of meanings for the participants. Almost all participants (17 out of 20) stressed that changes produced a renewed "awareness" and "understanding," supporting them in confirming or reconstructing the sense that they ascribed to themselves and the world. C2, for instance, revised her past self and her memories as a result of the end of a 10-year relationship. She found herself thinking that her boyfriend prevented the development of her personality, and "began to see to a similar reconstruction of his conception of himself. He recounted that since his father's death, he shifted the meanings connected to his self from a sort of immortal being to a finite, fragile human. What emerges from these episodes is that changes may produce "tailored" impacts on each participant, whereby, for different individuals, similar changes may yield different meanings and vice versa.
Interestingly, technology sometimes reduced the opportunity to develop new meanings: "When I was in Tunis for five months, technology was a means for getting back to Italy. It was a help. But it was also a strict bond, because it prevents you from focusing on your relations there, it makes you mentally travel back," C1 said. Whereas C2, talking about her broken relationship, reported that "Technology was terrible, it slowed down the separation process deeply." By looking at the social media feeds of her former partner, she remained anchored for months to her old way of seeing the world.
Change is Multiple.
Participants turned out having different interpretations of similar experiences of change. They pointed out that a seemingly similar process of change may actually have multiple senses, as it is actively and differently constructed by different individuals based on their "personal knowledge." Likewise, changes impacted on the participants' self-knowledge in multiple ways. This is in agreement with the phenomenological conception of the world, which stresses that the world is subjective, as it reflects the personal knowledge that the individual develops moment by moment (Rapp and Tirassa 2017) .
This multiplicity of meanings shows even when we consider behavior, as it emerges from our findings. Viewed from the field of technologies relying on the behavioral model, however, change appears a more monistic phenomenon, whereby the individuals' sense-making activities are often left in the background, even when individual differences, like personality traits, are considered (Karanam et al. 2014; Schneidera, Moserb et al. 2016) .
We suggest that behavior change technologies take more into account the individual's uniqueness and deliver more personalized forms of intervention based on the user's personal knowledge and her motivations to change. The quality of the motivation, namely the how and why a person aims to change (the meanings she attached to her motivation), has been underexplored in the previous research. For instance, one user might tie smoking to health related beliefs: the system could then emphasize the positive health outcomes of smoking cessation, e.g., by providing messages highlighting its benefits on the user's body, as well as the progressive increase of her life expectancy through interface designs (e.g., an avatar that becomes younger). Another user might perceive smoking as an effective way to reduce anxiety and distress. In this case, the system should prompt alternative strategies to cope with such emotional states, e.g., by recommending to eat a sweet, if the user does not have glycaemia issues, or to call a friend, or by displaying visualizations aimed at inducing a sense of calm.
Moreover, systems could consider the new (self-)knowledge that behavior change may elicit in the user herself. Reflective approaches to design have proposed to support (Slovák et al. 2017) , trigger, and even capture reflection (Mols et al. 2016) . Behavior change technology might allow people to reflect on their motivations to change and develop their own meanings, a theme that has been overlooked in previous research. This might be enacted by designs that (i) prompt questions to the user about a certain situated behavior (e.g., "Why do you eat junk food when you are out?"); (ii) encourage her to elaborate on the collected behavioral data, fostering the insertion of labels, comments, tags, images, mirroring the meanings that she ascribes to her dynamics of change; (iii) deliberately display contrasting behavioral data, "wrong" data, or hide significant data to elicit sense-making processes capable of accounting for inconsistencies. For instance, the system could visualize patterns of data highlighting that the user complies with her diet only when she is in the company of others: it might then turn out that she is dieting mainly because her friends told her to do so. Then, the system might help her internalize the trigger of change, by making her think of how losing weight is primarily a way to take care of herself. Reflection could be triggered by "blending" the system's interface into the user's everyday objects: for example, we might design a lamp that changes color when the user follows her diet for the sake of herself (e.g., when she is at home alone), providing a smooth and unobtrusive reminder that she is doing something important for her own health. Moreover, the system could pair each behavioral information with a "cloud" of internal states, automatically detected, represented by dynamic icons symbolizing, e.g., the user's stress, attention, and mood at that particular moment, in order to provide her with a representation of her internal context at a glance, suitable to help her interpret the data.
As we have seen in our study, technology may also prevent the development of new meanings, which implies that in certain occasions it could be better just to not design (Baumer and Silberman 2011) or to undesign (Pierce 2014) . For example, the system could discourage the user's tendency to continuously check her data, by inhibiting to visualize them at certain times, if it recognizes that this habit may prevent her from developing her self-understanding in favor of an almost automatic, data-triggered behavior regulation.
Agency
The changes recounted by participants were retraced to their supposed origin, and even when this was perceived as external, they reported strategies aimed at bringing control back to their interiority.
Participants' Perceived Source of Change Affects
How They React to Change. We identified three kinds of attitudes emerging from the interviews toward the possibility of coping with and reacting to changes. These were connected with the individual's reported perception of the locus of change, i.e., where it originated from, spanning from the individual herself to external forces.
Six participants ascribed the agency of most of their changes to themselves. These were also the most inclined to attach positive values to the process of change, describing it as "something that I live well, that I enjoy, something gratifying," as C2 specified, considering change as an opportunity to test their capacity to "make it through." These participants did not deny that some changes could go beyond their control, but they always interpreted them as an opportunity for action: "When I was in Bordeaux I discovered that I was pregnant and I had a moment of panic, because that was not planned. [. . . ] I decided that from that moment on I'd do something. I reckon that this is exogenous, but there is a phase in which I take control of it," C2 said. These participants told us that they perceived themselves as the main drivers of change even when change happened as a fortuitous event.
A smaller share of participants (4), ascribed the agency of most of their changes to external entities, such as society, history, or fate. D3, for instance, explained that "Yes, you make a choice, but you know nothing about the consequences. We choose to have children [. . . ] but you don't know what it will bring along, because if they had been born ill. . . that becomes a nightmare." In the face of these perceived sources of change, thus, these participants framed themselves mainly as reactive forces who could not but adapt to events that were driven by exogenous events.
The 10 remaining participants appeared to have a variable attitude toward change from time to time. Changes that were believed as internally driven were framed positively, while those that were interpreted as being beyond control led to anxiety and worries. C3, for instance, described his attitude like this: "Most changes are substantially positive. I see them as opportunities. To me they have always represented a sort of badge of honor, a way to say 'I've done so many different things.'" However, when recounting his separation from his wife, he appeared to lose confidence, recognizing that this change had not been determined by him. This made him suffer a lot, since he felt he was unable to control the process. Where these participants framed the locus of change affected how they coped with it: when they recounted to perceive it as internal they reported to be motivated and capable of driving or influencing it; otherwise, they showed to become passive, at the mercy of stressful emotional states.
In sum, the participants seemed to consider their capability of coping with change, i.e., what in psychology is called the locus of control, more important than the supposed actual origin of change. Those who had a strong internal locus of control were inclined to favorably and actively embrace the changes they encountered, whereas those with an external locus of control had the tendency to frame them negatively and to become passive in their face. Still others swung between a proactive and a subjugated attitude toward change, depending on whether they believed they had the internal resources for coping with the change.
However, all the participants belonging to the last two groups appeared to pursue strategies to reduce their feeling of helplessness, by "taming" the change mentally or emotionally. In this perspective, technology may help: C5, for instance, emphasized that the gay chats he used allowed him to connect with like-minded persons with whom to share his experiences and emotions, and self-disclose. C1 highlighted how technology increased her knowledge and strengthened her sense of agency, allowing her to find information and anticipate her future life: "long before the transfer. .
. it reassured me, helped me better manage myself. I could find a lot of information on the Internet about my destination, and that lowered my anxiety."

Change is Intentional.
Although change may have different origins, participants always reported to play an active role in it. Even those of our interviewees who believed they were driven by exogenous forces claimed ownership of their changes by reworking emotions and meanings. It is part of the basic tenets of phenomenology that people are (also) agents and not (only) objects in the world (Starr 1983; Tirassa et al. 2000) . This emphasizes the subject's intentionality in the dynamic of change, bringing agency back to subjectivity (Searle 2001).
Technologies relying on the behavioral model seem to embrace a more mechanistic take on change, overlooking individual agency. Designs, for example, may attempt to nudge the user's behavior by working below the line of her consciousness (Adams et al. 2015) , or to leverage mechanisms of self-regulation, as we have seen in Section 2.1.
Several interviewees said that the perception of not being in control of their changes provoked states of anxiety and worry. Behavior change technologies could benefit from designs aimed at bringing the agency of change back to the users. This would both reduce the potential distress linked to behavior change and empower the user, making her feel the protagonist of the intervention. Empowerment has been recently discussed within critical approaches to design addressed to people with disabilities, like patients with dementia (Lazar et al. 2017 ) and autism (Frauenberger et al. 2016 ), whereby a "medical" perspective may frame them in an inferior position ). However, it has been overlooked for individuals that do not have a diagnosed condition, who nonetheless may end up being "medicalized" and thus disempowered (Purpura et al. 2011) .
Working on food habits, Gao (2012) noted that designs should offer opportunities for people to actively express their own understandings of what is healthy. Whereas Purpura et al. (2011) proposed that users should set their goals. The novel idea that we want to stress here is to empower the user by internalizing her locus of control. She might thus be supported in forming her personal knowledge and skills to develop her own objectives and strategies. The issue is not to achieve an "objectively right choice" or "ultimately correct knowledge," but to allow for the elaboration on the actions taken and the interpretations developed, reassuring the user that she does possess the internal resources needed to cope with the change. The system could make available tools for exploring the future consequences on behavior brought about by different intervention strategies, e.g., through simulations. The user would then have a better ground for the choice of the path to follow. Moreover, the system could provide explanations of its recommendations, or point to how and why her behavior did or did not work in a situation, proposing alternative paths to be collaboratively worked out with the user. It could also allow the user to state her priorities, for example by adjusting her diet on the basis not only of her target weight, but also of her tastes and the pleasure she finds in eating. This would favor the user's perspective over that of the designer, reinforcing her internal locus of control. This is in line with phenomenological approaches, which stress the role of subjective knowledge in making sense of the world.
Designs could also aim to empower the users' strategies to emotionally cope with changes. Emotions play a fundamental role, as we have seen above. The system could help the user work on the emotional aspects of behavior change or set the goals according to her emotional responses: if anxiety or guilt are elicited by the attempts to achieve a certain target or by the failure to achieve it, the system might loosen the program, make the user aware of what has been achieved and praise her for it, and work with her to reestablish a sense of self-confidence. In doing so, the user could be invited to self-report about her feelings (Cena et al. 2014) . The affective diary (Ståhl et al. 2009 ) collects body sensor data and presents them in colored figures mapped out along a timeline. We may envision a similar system which, instead of automatically inferring emotional states, fosters the user to express them. The sensual evaluation instrument (Isbister et al. 2006) , for example, employs ambiguous shapes to measure the emotional involvement of gamers in real time, allowing them to later think of why certain shapes were chosen in the moment (Boehner et al. 2017) . Likewise, the system could encourage the user to select ambiguous objects, images, or text and attach meanings to them in the form of tags or sketches. Later, it could prompt the user's records associated to her behavioral variations, forming a thread of emotional histories on which she might reflect to unfold the evolution of her "emotional meanings."
Connection
Changes reported by participants were not limited to single aspects of their life, but were connected to other changes in complex and mostly unpredictable manners. Participants further highlighted that the connections could typically be discovered only in retrospect, by internally reflecting after the changes occurred.
Changes are Intertwined and Develop Together Involving Multiple Life Domains.
The changes recounted in the interviews were often linked to one another or to more complex, overarching processes, tying together different life domains. Participants who had moved to another country, for example, emphasized how the geographical change yielded changes in habits and relationships. D3 recollected the moment when he moved from a small, quite tidy town to a bigger city for work; there, he had to modify his transportation and food habits, as well as his friendship networks. He told us that he perceived these changes as worsening his "entire existence." Similarly, the transitions from school to work, or from one job to another, were often interpreted as a "global change." D2, for example, explained that "I decided to leave my father ' 
s business in one night. That meant to loosen a bundle of both family and work. I had to find a new home, become independent, start managing my money and my own business, and my family."
Participants also discussed the impact that some changes had on strands of life that were far removed from the domain in which they originated, often as unexpected consequences pertaining to a variety of aspects of their life. For example, D1 described how her use of eating as an emotional regulator worsened when she quitted smoking: "I put on weight and so I had to define other little 'disciplines' to deal with this. . . I usually skipped lunch. . . this lasted for some months, but then I started to eat too much again. This back and forth is still occurring now, when I'm under stress. . . like I used to do with cigarettes". E3 described how she had decided to follow a strict diet which required her to weigh every food to eat and to give up what she liked the best. This changed her general attitude both toward eating, which turned from a pleasure to enjoy into a rule to follow, and toward herself, making her more "rigid" and "disciplined" and somehow less emotional. The new diet also affected her social life, since the difficulty to find suitable food finally brought her to avoid to go out for dinner altogether.
A majority of the participants (14 out of 20) stressed the impossibility of foreseeing the side effects and the complexity of change. In their recounts, the changes they underwent appeared to mingle with diverse and unpredictable life domains, influencing and being influenced by them. E3 explained that the change of her eating behavior affected first her personality and then her social life in a manner that she "would have never expected." C6 emphasized how a job change functioned as a trigger for the modification of her eating habits: "I was used to skip the lunch, Some participants mentioned technology as a means for improving their capability of connecting information in different domains, like C1 and D3 emphasized while talking about their job. Interestingly, however, none found it useful to better understand the side effects of changes. These connections appear to be only discoverable "post-hoc," as E2 pointed out, by internally recounting and tying together different events into a unitary story.
Change is Holistic.
The changes recounted by the participants reverberated throughout the different aspects of their life, influencing each other and producing unpredictable side effects. They turned out as cross-domain, holistic processes whose precise boundaries are difficult to trace. Phenomenology views the individual as a being-in-the-world (Heidegger 1927 (Heidegger /1990 , cast in a situation that bears inextricable connections with her whole subjectivity as well as her social relations and material environment, making impossible to precisely isolate single life elements.
Even when change seemed to happen "only" in a certain behavior, it invariably connected with other changes and consequences. Behavior change technologies instead seem to show a narrower focus, viewing change as a more fragmented phenomenon. Domain-dependency may also explain the scarce attention that has been granted to the possible side effects of a behavioral intervention. For example, applications aimed at changing a person's eating habits (Hermawati and Lawson 2014) do not consider that such change might end up decreasing her overall happiness, or occasions for socialization, as happened to one of our participants.
We think that behavior change technologies might benefit from widening the range of life domains they consider in a given intervention. This could be achieved with techniques like user modeling. A user model is a data structure describing the characteristics of a specific user at a certain moment in time (Brusilovsky 1996) . In the context of behavior change user modeling has been used to provide personalized health feedback (Masthoff et al. 2014) ; however, this is still limited to single-domain behavioral intervention. User models could be expanded to include all the data potentially relevant to the target behavior , by creating a sort of "total" representation of the user's behavior. For example, behavioral interventions in the domain of physical activity could be personalized by considering the user's eating and transportation habits. Once provided with user interfaces (Bull and Kay 2013) , these "behavioral user models" might also favor metacognitive processes of self-reflection: they might improve the users' awareness of the interrelations between different behaviors and of the potential side effects of a behavioral change, which can rarely be predicted by the person, as emerged by the interviews. To this aim, evocative representations might be a better choice than the analytic ones that are commonly employed in current personalization research (Guerra-Hollstein et al. 2017 ): data could be embedded in metaphoric forms, whose different parts would symbolically represent life domains and that would be interconnected through sensorial (e.g., visual, or tactile if we use "tangible data") cues (e.g., if we adopt a body-based metaphor, the heart might symbolize emotions and the hands the domain of work).
Holism may also affect the kinds of recommendations provided, which may consider multiple life domains . For example, to suggest a food choice, the system could take into account not only the diet as the user has established it, but also the persons with whom she is (she is out with friends and does not want to spoil her fun with too many eating concerns), what she will do afterwards (she wants to sleep well and wake up early, and carbohydrates usually give her nightmares), and so on. Each life domain might bring its own data and "weight" to the recommendation process, depending on the present situation and the user's personal history (e.g., sweets are not particularly healthy but they might improve her mood).
Temporality
The temporality of changes as reported by the interviewees turned out to be continuous, characterized by the lack of defined boundaries and normative sequences. Time thus was recounted as subjectively lived.
Changes Do Not Have Univocal Points of Origin, Phases
, and Ends. The interviewees often lingered over the temporal dynamics that characterized their changes. In their recounts, change did not have a univocal temporal evolution with a precise starting and ending points. Most participants were able to recollect a specific moment or episode that they saw as the origin of a certain change; however, they also emphasized that this was often a straightforward illusion. A2, for example, recounted how going to university brought a big change in his way of studying, making him more focused on his goals and more committed to work. However, later on he came back to this point, adding that the origin of this change could be traced further back. "It was when I was in high school and I had to prepare for the diploma. [. . . ] But there is another episode which happened four years ago. A friend of mine hurt himself and I couldn't do anything. . . That was the moment when I became aware that I wanted to be a doctor and I would study a lot to reach that goal. . . " A2 further elaborated on the topic, concluding that the change in his study method might have been due to both the episodes, or simply to his becoming more responsible as time went by. E4 highlighted that her illness did have a recognizable beginning, which was when the doctors told her she had cancer, but no precise ending, since the cancer relapsed after 5 years, just when she believed that everything was fine.
Moreover, most of the participants (17 out of 20) described the temporality of change not as a chain of identifiable "subsequent events," each having its causes and consequences, but as a continuous process, whereby the time frame of a change might interact with those of the others. B2, for instance, described that the temporality of the change triggered by his father's illness overlapped with that of his new job: "I cannot identify points or phases that modified the direction of these processes, I think of them as a unique and continuous flow."
The Experience of Time is
Subjective. The temporality of change was extremely varied; however, this was due less to the characteristics of changes themselves than to the idiosyncrasies of the persons who lived them. The time of change was always reported as subjectively experienced: the participants did not refer to objective measurements of time (such as the calendar) when recounting their changes. As a result, it was impossible to bring the unfolding of the changes back to some "normal" evolution, or to a "standard" velocity as punctuated by a clock.
For instance, in C6's discourse relapses into smoking were described as decisions or adaptations to an evolving situation, not as steps back with reference to a final state to be reached or a standard evolution to unfold. She said that she quitted smoking and started again many times, since in certain moments she perceived the psychological benefits of cigarettes as far more compelling than their potential physical drawbacks: relapses were "not a step back. I started again when I was stressed, because I thought that it was a positive way to reduce the stress. Then, when it was time to quit, I quit."
Depending on each participant's subjective perception of time, this could lead to sharp differences in the experience of the temporality of changes that might otherwise appear similar, for instance, whereas C3 described his relocation as an abrupt event with immediate life-wide consequences, D3 stressed that his transfer entailed "a variety of changes that lasted in the long term." These differences, however, did not prevent such experience to be shared. B1, for example, told us that the rhythms of her changes, during her transitions to a new job, a new home, and new routines, synchronized with those of her partner: sometimes he accelerated the change and she adapted to that; other times she was the one giving the pace, while her partner followed her.
Technology sometimes appeared to have affected the perception of the temporality or velocity of change. When B4 changed work she started using technology like instant messaging much more than before, positively accelerating the development of novel relationships. C2 experienced a similar acceleration of his everyday habits, but thought that it affected his life negatively: "Now 
Change is Continuous.
The temporality of change, as emerging from our interviews, exhibits characteristics closer to the time of consciousness, well summarized in the notion of "duration" coined by Bergson (1896 Bergson ( /1988 , which is continuous, multiple, heterogeneous, qualitative, and mobile. Participants stressed the vagueness of the boundaries of change and its non-normative nature, emphasizing their own perception of time over its measurement. The subjective temporal dimension of individual change has been a pillar of phenomenology since its foundation (Zahavi 2012; Husserl 1962) .
Technologies relying on the behavioral model see change mostly as an episodic phenomenon: what is important is whether the change occurred or not, and how much "clock time" has been spent for the intervention to be successful. HCI behavior change research has highlighted the timeliness of the intervention , or has quantified the experience of change (Agapie et al. 2016; Suh and Hsieh 2016) . Lately, the slow technology approach has valued the idea that slowness may support learning and reflection , and thus affect the target behavior (Orji et al. 2013) . However, even these proposals are rooted in an objective take on time, whereas calls for subjectivity in HCI time design (Liikkanen and Gómez Gómez 2013) remained substantially unheard.
We think that behavior change systems would benefit from taking into account the subjective experience of time. This would mean letting people express their appraisal of the timing of the change they are living and developing systems capable of responding accordingly. For instance, if the user is facing a particularly stressing period at work, the system might support her in momentarily stopping or loosening the diet. In this perspective, slowness is not a value per se: it is relevant only when the user subjectively perceives the need to decelerate the program. In other circumstances, rapidity fostered by technology may have positive outcomes, as reported by one of our interviewees.
Moreover, technologies might support users in tracking down their past threads and account for their plausible future evolution. For example, when the user is on the verge of diverting from the program, the system may prompt previous episodes when she achieved a behavior change goal (e.g., renouncing a cigarette). Episodes could be selected on the basis of context similarity, e.g., by prompting a "carousel" of similar situations, enriched by cues aimed at making the user relive that episode (e.g., relevant photos taken or messages sent and received in the moment she avoided that cigarette). As a result, the user could become more confident about her capability to comply with the proposed intervention, or more aware of the differences between the present situation and the past ones, and how this requires a different conduct.
Similarly, instead of supporting "maintenance" once the target behavior has been achieved, technologies could help users adapt their behavior to ever changing future conditions. In this perspective, even relapses should be viewed as steps forward with a reason to exist. Behavior change systems could then help users reflect on relapses, by providing tools for keeping track of them and connecting them to other relevant changes and/or situations (e.g., every time you eat junk food, you have drunk too much, and you are out with friends).
Finally, behavior change technologies may find opportunities for affecting the timing of change through social sharing (Rapp 2017b ). In the same way as some of our participants adapted the temporality of their changes to that of significant others, coordination and synchronization between different users could lead an individual to shift her habitual ways of managing the timing of change toward a socially shared temporal experience. For instance, designing small online groups of users and then making their data visible only in specific time windows could encourage them to regularly meet online to review and discuss their behavior change attempts, exchanging issues, barriers, and achievements within a shared temporality.
DISCUSSION: TOWARD TECHNOLOGIES FOR CHANGE
The participants in our study highlighted the complexity of the changes they recounted, emphasizing that what they did during their transitions, what happened to them, and how they coped with it always paralleled internal modifications of meanings, motivations, feelings, and perceptions.
Using interviews (and IPA analysis) surely allowed us to focus on individuals' personal meanings in a way that is not possible to achieve through quantitative methods that are commonly employed in the behavior change field. However, we did not encourage the participants to provide "subjective interpretations" of their changes. We simply asked them to recount them and to explain to us how they evolved, and what kinds of impacts they had. The importance of "subjectivity," thus, emerged spontaneously as a major theme across the findings. Though the participants could have focused on the external aspects of changes, they mainly expressed value for their apparent internal dynamics (D3 actually dwelled upon external transformations in society while describing his job changes, but this was the unique case). The freedom we left in recounting experiences allowed us to grasp what the participants considered important.
Further, exploring how changes generally unfold in the lives of people at different ages allowed us to identify some provisional patterns across changes pertaining to different domains. This may suggest that people perceive and account for the changes they live independently of the specific context in which they happen: these patterns may be then usefully brought in the domain of behavior change technologies to integrate what has been done within the frame of the behavioral model. Table 3 summarizes the main findings of our study.
A way to tie the results together is to connect them with three key themes of the HCI third wave/paradigm debate. The first is the importance of subjectivity (Harrison et al. 2007) , which may frame change as a personal and existential concern. Kaptelinen (2018) recently argued that HCI should consider the most fundamental aspects of human existence, namely death, identity, isolation, freedom, and meaning. We suggest that change should be viewed as a further fundamental dimension of existence, one which crosses and intertwines with all the others: our participants recounted that they lived changes as existential issues, which they attempted to drive, account for, and cope with. In this perspective, the provisional patterns we identified may represent a promising point of departure for exploring the individuals' lived experiences of change, with their existential weight. While previous attempts of going beyond the behavioral model mainly focused on the role of the external environment and social context in behavior change (Brynjarsdóttir et al. 2012; DiSalvo et al. 2010; Shove 2010; Kuijer and Bakker 2015) , we stressed the need to consider the internal aspects of the user, her subjective assessment criteria, meanings, perception of time, and beliefs about her own possession of resources needed to drive the change. Moreover, we stressed that the quality of her motivation (the subjective meanings associated to it) may be at least as important as its degree (which is the focus of the TTM) or its type (e.g., extrinsic/intrinsic) (Kanaoka and Mutlu 2015) . Accounting for all these elements may lead to the design of behavior change systems that tackle the phenomenon of change in all its (existential) complexity.
The second key theme is the relevance of reflection (Bødker 2006) , which drove a variety of works ascribable to the third wave HCI (Uriu and Odom 2016) . On one hand, while elaborating on our results we valued the participants' reflections. This does not mean that we framed them as rational actors: Brynjarsdóttir et al. (2012) criticized behavior change technologies precisely because they assume that people are rational actors seeking to optimize activity based on what they know. Rather, the focus on reflection highlights the participants' attempts of accounting for 
Internalistic:
Change impacts the individual's internal states and is evaluated with subjective criteria.
Critical approaches to design (Iivari and Kuuti 2017) highlight the importance of going beyond effectiveness and efficiency (Harrison et al. 2007 ).
Behavior change systems may integrate quantitative evaluation methods with qualitative data, and allow for the self-expression of the user's internal states and subjective evaluation criteria.
Monistic:
Change is seen as having a univocal meaning addressable through "standard" interventions.
Multiple:
Change has multiple senses. It is integrated into the individual's personal knowledge and produces novel meanings.
Reflective design suggests supporting and scaffolding users' reflection processes (Mols et al. 2016; Slovák et al. 2017 ).
Behavior change technologies could help people reflect on the quality of their motivations to change by, e.g., blending interfaces in their daily environments or by visualizing their internal context in a glance.
Mechanistic:
Change can be enacted as an automatic reaction exploiting "homeostatic" mechanisms.
Intentional:
Change is connected to its perceived source, but is always traced back to the individual's agency. Individuals emotionally cope with changes perceived as external.
Critical approaches stress the need of empowering the user (Lazar et al. 2017; Frauenberger et al. 2016) , allowing her to set her own goals (Purpura et al. 2011) . The affective diary provides a means for feeding back emotions (Ståhl et al. 2009) Technology may help the user not only set her own goal but also develop the knowledge needed to internalize her locus of control. Moreover, it could support the user in expressing her emotional states.
Fragmented:
Change is an isolated event that can be induced in specific target behaviors, leaving everything else substantially untouched.
Holistic:
Change is connected to other changes spanning across different domains of the individual life, with potentially unexpected side effects. This makes each change somehow unique.
User modeling (Guerra-Hollstein et al. 2017 ) and cross-domain recommendations techniques (Khan et al. 2017 ) aimed at making the interaction more personalized.
Systems may provide tailored suggestions, by exploiting a behavioral user model. These could be explored with metaphoric interfaces. Systems could give recommendations on the basis of data coming from multiple domains and the relations between them.
Episodic:
Change is framed as a discrete event, characterized as a transition from one substantially steady state to another.
Continuous:
Change has not precise boundaries and its temporality is subjectively appraised and experienced.
Slow technology uses slowness as a means for enhancing learning and reflection ).
Behavior change systems might consider the subjective experience of time, whereby slowness of the intervention is valuable not per se, but in accordance with the user's perception. Systems can root the present behavior in the past, or synchronize users to create a shared temporality. the experienced changes. Their reflections tell us that changes, whether positive or negative, need to be mentally tamed to gain a quota of control over elusive phenomena, and be enriched with meanings to give sense to an otherwise meaningless world. On the other hand, most of our design suggestions emphasized the importance of reflection and sense-making. HCI research has noted that reflection may be a catalyst for behavior change (Konrad et al. 2016; Lee et al. 2015) , but also that spending time in (self-)reflection does not always lead to insightful and actionable results (Halttu and Oinas-Kukkonen 2017) . Beyond the suggestions of giving the user opportunities for reflection, as Purpura et al. (2012) emphasized, or the idea of providing her with information for decision making, as Brynjarsdóttir et al. (2012) criticized, we stressed the need to develop the user's personal knowledge through sense-making activities. Again, we did not aim to make the user more rational. Rather, we wanted to enable her to create more sense, and to improve her self-confidence about her own resources. This is not the idea that there may exist a "correct interpretation" of a given change to which the user ought to arrive; rather, the formation of a subjective take on the evolving situation could help internalize her locus of control ("I understand this change within the world of my personal meanings, and this leads me to think that I can cope with it").
The third key theme is the attempt to go beyond exclusively utility driven and pragmatic results (Harrison et al. 2007 ). The critical and speculative approach intrinsic to much work belonging to the third wave HCI is more addressed to questioning (Raptis et al. 2017 ) and challenging the status quo (Bardzell et al. 2012) , rather than to finding answers and solving problems (Bardzell et al. 2015) . We emphasized that the changes described by our participants often do not have recognizable causes or univocal senses and that their consequences are highly complex and unpredictable. We suggested, therefore, that behavior change technology could benefit from an approach to technology that looks beyond immediate and pragmatic outcomes or precise causal relationships, integrating into its view a take on design geared to sustaining the user in formulating questions and reframing problems as well as in questioning the existing interpretations.
We still have to note that technology turned out to play a minor, if any, role in the changes reported by the participants. They rarely mentioned technology in their recounts, revealing its poor relevance in their processes of change. For our part, we left the participants free to recount their changes from their perspectives without forcing them to focus on matters of technology. Actually, sometimes technology even appeared to work against change. It then appears that the current technology landscape hardly supports everyday changes; when it does, this is mostly due to a byproduct of practices of appropriation (Dix 2007) , whereby the participants had used technology not specifically designed for "change" to cope with it.
Another issue worth noticing is that there is no certainty whether the absence of particular changes in participants' recounts were due to incapability of articulating them, reluctance to reveal them to the interviewer, irrelevance, or forgetfulness. However, the stories that participants told should not be viewed as given objectively and once and for all: rather, they reflect how participants conceptualized their changes, at the moment of the interview. This raises several methodological questions concerning the connections between the participants' narratives and the actual circumstances of their lives. While the connections between narratives and real events are an important issue, however, there is much to be gained from the understanding of narratives as rhetorical devices. Narratives reveal a person's assumptions, priorities, self-understandings, and personal Weltanschauung, which ultimately guide her life course.
We now turn to discuss the opportunities and the challenges for HCI to sustain "general change," going beyond the behavior change context, and embrace the idea of technologies for change. The discussion that follows will develop some of the suggestions provided in the previous sections, broadening their domain of applicability. Our considerations will be clustered around three themes, namely that technology could be lifelong, life-wide, and conversational.
Thinking Lifelong
As we saw in the interviews, changes may occur in different shapes from childhood to the old age, and may intertwine with the individual's past experience as well as have effect on her distant future. Further, they often have no precise temporal boundaries. To interfere with such elusive phenomena, technologies could aim to sustain an individual's changes throughout her whole life course. This is not to say that technology should always be "present"; rather, that it could always be available as a supplementary resource accessible during the important changes of life.
To create lifelong technologies is a bold ambition, due to the rapid obsolescence of interactive technologies and digital information (Gruning et al. 2015) , as well as to the easiness with which they can be abandoned (Lazar et al. 2015) . Video games appear to be resistant to the obsolescence that outdates productive/instrumental software, since playing them is an end in itself (Lomas et al. 2013) . Ludic design (Gaver et al. 2004; McPherson et al. 2016 ) precisely describes playful interactions addressed to privilege the intrinsic experience of using a system. Technologies for change that are intrinsically enjoyable to use might then find their life spontaneously prolonged. Another possibility is to take lapses into account in design (Epstein et al. 2016) , whereby lapses may last even for months, or years. Systems could remind the user of their presence discreetly every now and then if their use is decreasing, or provide resumes on which the user can reflect if she accesses the system after a long time.
Lifelong technologies could also adapt to the user's changing circumstances. The emphasis on duration does not mean that technologies should be designed to last indefinitely (Kirk and Sellen 2010) . On the contrary, it stresses their ephemeral nature. Sas et al. (2016) argued in favor of a design accounting for the transient qualities of life, proposing to imbue the digital with an organically dying quality. We point to technologies capable of "growing" with the user, acquiring new experiences, and somehow "getting old." This mutability could be reflected into systems' interfaces. For example, avatars able to transform their external appearance (e.g., the objects they owe, the shape of their bodies), or to increase/decrease their capabilities of action, paralleling the user's changes, might give "concreteness" to their process. Physical artifacts with digital affordances could pair the stability of the material with the ever changing nature of the digital: such "objects" could evolve their surface, slightly varying over time, and then abruptly transform when a major change happens in the user's life, or return to a previous state if a chance is recurrent in time. They could also be thought as multiple, to account for the parallel changes that an individual can experience at the same time: they can influence their aesthetics each other, to reflect how one change can impact on the temporality of another one. Tangible interfaces that exploit intrinsically mutable materials, such as liquids (Häkkilä and Colley 2016) , might further express the temporality of change: the flowing of such liquids may emphasize its inexorability, while temporary "shapes," ripples, waves may materialize its accelerations, rhythms, and duration. HydroMorph, for instance, is an interactive display based on shapes formed by a stream of water (Nakagaki et al. 2016) . "Organic" interfaces could further point out how change is mostly a side effect of being alive, or a property of life and how a mutable being lives it (Guidano 1987 (Guidano , 1991 .
Finally, technologies could deal with the multifaceted temporality of human change, highlighting analogies and dissimilarities between different time frames. They might bring back up situations from the user's past that resemble the current one, reminding her of how they evolved and the role that she played in them. Users could be also invited to report their subjective experiences of change by specifying their "temporality," e.g., their perceived velocity and direction, and the system could prompt similar or opposite changes based on their "time shapes": technology could thus become a means for learning from the past through analogies and contrasts.
Thinking Life-Wide
The kinds and contexts of change highlighted by the participants were as different as their personal experiences were. Changes connect between different and often unpredictable domains. How technology can deal with a complexity that ultimately mirrors the complexity of life is an open question. Lifeloggers were the first to envision the possibility of creating a unified digital representation of a person's life (Gurrin et al. 2014) . However, the horizon of lifelogging is the contexts and whereabouts of the experience (e.g., physiological parameters), not the subjective experience itself. We think that technology could adopt the idea of a "subjective ontology" to address the complexity of change, rather than attempting to collect as much more objective data as possible. Data could represent only the first layer of the knowledge base employed, allowing the user to delete, modify, add, and transform information according to her beliefs, values, emotions, and thoughts mirroring her universe of sense.
This would have several implications. The first is that to pursue the "truth" could not always be the optimal solution. An individual might convince herself that a given change (e.g., an illness) is positive, even if it "objectively" worsened her living conditions. People may further self-deceive (Von Hippel and Trivers 2011) about the origin of a specific change (e.g., a traumatic change), but this may function as a means to stabilize the person. This points to a "benevolent" form of deception (Adam et al. 2013; Van Kleek et al. 2016; Rapp and Tirabeni 2018) . Users could be allowed to modify (even falsify) their own data (directly changing values, tags, etc.) to reflect what they believe and how they perceive a given change. The objective information could be permanently deleted, or preserved (inhibiting the access for a while) for a later comparison (maybe years later), e.g., when the user has already elaborated the change.
The second implication refers to the idea of designing for forgetting (Sas and Whittaker 2013) , by providing tools for actively selecting valuable episode to be preserved and "noise" to be discharged. Processes that are not conceptualized as important changes by the user might not be preserved; better yet, since the user may change her perceptions and feelings over time, they might just be indexed and archived with a low degree of visibility and precision, like an analogue of how things actually go in biological memory.
Research could then focus on how to feed back this subjective ontology to the user, allowing her to identify connections among different dynamics of change. To this aim, it might be worth to explore narrative techniques (Hilviu and Rapp 2015) . Technologies could provide tools for composing a story: for instance, different changes might be turned into short narratives and tied together by graphs highlighting connections across time and space. The user would be the protagonist of all these stories, which might further intertwine with those of significant others, whereas the system could function as a sort of recommender system suggesting changes like building blocks to be connected, a mash-up tool for the user's life changes.
Thinking Conversational
Our participants always ascribed to themselves a crucial role in coping with changes. This need to drive the change, or at least to account for it, might be taken into account in design by developing accompanying technologies aimed at empowering the user. A user who senses that her interaction with the system is more horizontal might become more inclined to self-disclose and be open to new interpretations of her own changes. We are not envisioning conversational agents in charge of executing orders from the user or promptly responding to her questions and requests, like Amazon's Alexa, or Apple's Siri. In line with the idea of looking beyond immediate efficacy emphasized by works belonging to the third wave HCI, which may lead to technology that does not have any precise or clear "function" (Hauser et al. 2018) , this kind of conversational systems may be addressed to establish a rapport, develop an emotional bond, or simply have a maieutic role, whereby the user is the protagonist of her sense-making activities.
The model of user-technology communication might be then inspired by the trustful relationship that develops between a therapist and her client in a clinical setting, where the therapist does not teach or instruct the patient, but favors her autonomous sense-making processes and self-understanding (Guidano and Liotti 1983) . In this perspective, design could focus on "trust," instead of effectiveness. To this aim, computational narrative techniques might be exploited, seeking to create artificial intelligences capable of answering questions about stories, generating fictional narratives, responding affectively to stories (Riedl 2016), and co-creating a story with one or more humans through natural language (Martin et al. 2016) .
Another way to think of the interaction as conversational may be to design environments that "reverberate" the user's changes. Smart environments to detect emotions and adapt accordingly have been envisioned in healthcare domain (Fernández-Caballero et al. 2016) . Here, the user's home could modify some of its physical features in response of her short-term changes, e.g., lights, temperature, music, in order to support the individual's self-regulation processes. The user and the environment could interact through "resonances," whereby the environment might act upon changes indirectly, by simply creating physical conditions (or mental and emotional conditions triggered by the physical ones) for increasing self-reflection and self-exposure. This kind of device could also be designed to be portable, as a wearable device is, to accompany the user across her life contexts: it could leave the communication channel always open, exploiting phatic cues (Rapp and Cena 2015) , like continuous variations in its material/sensorial appearances (e.g., heat, stiffness), mirroring the user's changes and providing physical sensations aimed at encouraging self-expression.
CONCLUSION
In this article, we first attempted to surface the features of what we called the "behavioral model of change," which underlies a variety of HCI behavior change works. We noticed that this model sees change as externalistic, monistic, mechanistic, fragmented, and episodic. The empirical study we presented complemented such features with a focus on the internal aspects of the process of change. Grounded in our results, we have singled out five tentative patterns about the changes recounted by our participants, in order to bring some insights in the design of behavior change technologies.
First, we emphasized that the changes recounted by the participants impacted their internal states and were evaluated through subjective criteria, stressing some methodological consequences for the assessment of behavior change systems. Second, we pointed to the multiple meanings lying behind the participants' processes of change. This led us to pay more attention to personalization techniques based on the user's personal knowledge and the quality of her motivation. Third, we highlighted the importance of the individual's intentionality in dealing with life changes. We thus suggested that we focus on the need to empower the user, by developing her knowledge in order to internalize her locus of control. Fourth, we described how the changes recounted by the participants were holistic, meshing different processes belonging to different life domains. We then stressed the need to account for the diverse aspects of the user's life when designing behavior change systems. Fifth, we explored the temporal nature of the changes reported by the participants, noticing that it is continuous and subjective: we recommended that users be allowed to express their subjective appraisal of the temporality of their changes, and that behavior change systems be adapted accordingly.
Finally, we began the exploration of a new design space, specifically addressed to support human change beyond its behavioral manifestations. We suggested that technologies for change could be lifelong, life-wide, and conversational, and proposed a few design considerations aimed at tracing future research lines. We take our suggestions to be design hypotheses in need of further testing to disconfirm or strengthen their validity (Hekler et al. 2013) .
